Regulation of the transbilayer movement of diacylglycerol in the plasma membrane.
This mini-review presents recent advances in the regulation of the membrane transbilayer movement (or flip-flop) of diacylglycerol (DAG), a key intermediate in lipid metabolism and a second messenger in lipid-mediated signaling. Despite progresses in lipid biophysics and imaging, little is known about the DAG dynamics across the two leaflets of the plasma membrane in living cells. Previous model membrane studies with DAG analogs demonstrated their fast flip-flop suggesting that DAG is evenly distributed between the two leaflets of the plasma membrane. However, recent molecular dynamics simulations indicate that DAG transbilayer movement depends on the lipid environment surrounding the lipid, i.e. DAG flips more slowly across a more ordered "lipid raft-like" bilayer (enriched in sphingomyelin/cholesterol) than across a more fluid bilayer (composed of unsaturated glycerophospholipids). Furthermore using the yellow fluorescent protein-tagged C1AB domain from protein kinase C-γ (EYFP-C1AB) that selectively binds DAG, we recently proved that the sphingomyelin (SM) content in the plasma membrane outer leaflet regulates DAG transbilayer movement in Madin-Darby canine kidney cells treated with bacterial phosphatidylcholine-specific phospholipase C. The dose-dependent inhibition of DAG flip-flop by SM could be reproduced in model membranes using fluorescent short chain DAG analog. Regulation of DAG transbilayer movement by the outer leaflet SM content is expected to modify the downstream recruitment of C1-domain containing effectors, thus bringing new insights on the role of DAG dynamics in cell pathophysiology.